Mechanism for the photoinduced increase in the lysosomal K ؉ permeability is still unknown. In this study, we investigated the effect of photodamage-induced membrane rigidification on the lysosomal K ؉ permeability by measuring the membrane potential with bis(3-propyl-5-oxoisoxazol-4-yl)pentamethine oxonol and by monitoring proton leakage with p-nitrophenol. Membrane fluidity was measured by the steady-state fluorescence anisotropy of 1,6-diphenyl-1,3,5-hexatriene. Methylene blue-mediated photodamage to lysosomes decreased their membrane fluidity and increased their K ؉ permeability. The photoinduced increase in the K ؉ permeability can be reversed by fluidizing the rigidified lysosomal membranes with benzyl alcohol. The results suggest that the membrane rigidification induced by photodamage may increase lysosomal K ؉ permeability. This conclusion is supported by the observation that rigidifying lysosomal membranes by the treatment with membrane rigidifier cholesteryl hemisuccinate also enhanced the lysosomal K ؉ permeability.
INTRODUCTION
Lysosomes are one of the main sites of cellular photodamage (1) . Since leakage of hydrolases from photodamaged lysosomes can cause cell death (2, 3) , lysosomotropic photosensitization was emphasized in the basic studies of photodynamic therapy (PDT) † of cancers (4) (5) (6) . In addition to lysosome-dependent photocytotoxicity, lysosomotropic photosensitization has been recently suggested as a new approach for either delivering some drugs or for reducing the pH of cytoplasm, which may serve to augment the effects of a number of cancer treatments such as chemotherapy, hyperthermia and PDT (7) . In the past years, some investigators have proposed that membrane-lipid peroxidation is the *To whom correspondence should be addressed at: Department of Cellular Biophysics, Institute of Biophysics, Academia Sinica, Beijing 100101, P. R. China. Fax: 86-10-64871293; e-mail: zhangzl@sun5.ibp.ac.cn †Abbreviations: BA, benzyl alcohol; CCCP, carbonyl cyanide mchlorophenylhydrazone; CHS, cholesteryl hemisuccinate; DPH, 1,6-diphenyl-1,3,5 hexatriene; MB, methylene blue; MES, 2-[NMorpholino]ethanesulfonic acid; oxonol VI, bis(3-propyl-5-oxoisoxazol-4-yl)pentamethine oxonol; PDT, photodynamic therapy.
immediate cause for the active oxygen-induced lysosomal destabilization (8, 9) . Although we established recently that membrane-lipid peroxidation does not definitely destabilize the lysosomes and that the direct cause for the lysosomal destabilization is the photoinduced osmotic imbalance across their membranes via an increased K ϩ uptake (10, 11) , the alterations in the photodamaged lysosomal membranes that induce an increase in their permeability to K ϩ is still unclear. Elucidation of this mechanism is important for the studies of lysosomotropic photosensitization.
There are various lines of evidence that a variety of membrane activities are influenced by the physical state of the membrane (12, 13) . Membrane-lipid fluidity is now accepted as one of the major function regulators of the cells (14) . As demonstrated previously (11) , MB-mediated photodamage to lysosomes can decrease their membrane fluidity and increase their membrane permeability to K ϩ . It is of interest to establish whether or not the changes in the membrane fluidity of photodamaged lysosomes increase their permeability to K ϩ . In a number of studies, effects of the bilayer lipid fluidity on the membrane activities and properties were studied after the membranes were treated with fluidity-modulating agents such as benzyl alcohol (BA) and cholesteryl hemisuccinate (CHS). Benzyl alcohol has been used as a membrane fluidizer. The agent is a neutral compound, and this precludes any selective interaction with charged lipid species and as such is a suitable tool to study the relationship between bilayer fluidity and membrane-associated functions (15) . Membrane rigidification can be achieved by incorporation of hydrophilic cholesterol ester CHS (16) . Using BA and CHS to modulate lysosomal membrane fluidity, we recently established that the physical state of lysosomal membranes affects their proton permeability (unpublished data). In the present work, the membrane fluidity of photodamaged lysosomes and normal lysosomes was modulated by BA and CHS, respectively, and the resulted changes in their K ϩ permeability were examined. The results indicate that the photodamage-induced rigidification of lysosomal membranes is one of the causes for the increase in their K ϩ permeability.
MATERIALS AND METHODS
Chemicals. Bis(3-propyl-5-oxoisoxazol-4-yl)pentamethine oxonol (oxonol VI) was purchased from Molecular Probes (Eugene, OR); carbonyl cyanide m-chlorophenylhydrazone (CCCP), Valinomycin, 1,6-diphenyl-1,3,5 hexatriene (DPH), CHS and MES were from Sigma (St. Louis, MO). The other chemicals used were of analytical grade from local sources.
Preparation of lysosomes.
Male Wistar rats starved for 24 h were killed by decapitation. Rat liver lysosomes were prepared by the method of Ohkuma et al. (17) . All procedures were carried out at 0-4ЊC. Lysosomes were resuspended in 0.25 M sucrose medium at a final protein concentration of 23.7 mg/mL. Protein was determined according to Lowry et al. (18) .
Light exposure procedure. All lysosomal samples (21.3 mg protein/mL) prepared for photosensitization contained 0.1 mM MB and were exposed to light on ice bath for the indicated amount of time. Control samples contained MB but were not exposed to light. Incident light was from a tungsten halogen lamp (24 V, 250 W, quartz envelope) with a 660 nm filter (bandwidth 10 nm). The light intensity at the sample position was 10 mW/cm 2 measured using BTY-8204 Solar Irradiation Meter made by the Institute of Solar Energy of Beijing.
Modulation of lysosomal membrane fluidity. The membrane fluidity of photodamaged and normal lysosomes was modulated by treatments with membrane fluidizer BA and rigidifier CHS, respectively. The CHS stock solution was prepared according to Wilbrandt et al. (16) . For fluidizing the photodamaged membranes, the photosensitized lysosomes were incubated in the presence of 10 mM BA at 37ЊC for the indicated amount of time. Rigidification of the normal membranes was accomplished by incubating the isolated lysosomes (no MB and not exposed to light) in the presence of 2 mM CHS at 37ЊC for the indicated amount of time. Control samples were prepared in the absence of BA and CHS, but BA or CHS was added to the samples at a final concentration same as that of the BA or CHS-treated sample just before DPH labeling or the measurements of membrane potential and proton leakage. The BA or CHS added to the control samples (60 and 56 L samples were used for labeling, respectively) was diluted by about 34-fold in the 2 mL DPH labeling solution. In order to examine if the diluted BA or CHS affects the lysosomal membrane fluidity during a 90 min DPH labeling, the membrane fluidity of the control lysosomal samples, upon addition of BA or CHS to the samples just before the labeling, was compared with that of the samples upon addition of BA or CHS after the labeling. Since the measured steady-state fluorescence anisotropy of DPH is the same under these two conditions, the diluted BA or CHS did not affect the lysosomal membrane fluidity during the DPH labeling.
Steady-state fluorescence anisotropy measurement. The DPH labeling solution (4 M) was prepared by diluting the tetrahydrofurandissolved DPH stocking solution (2 mM) with 0.1 M phosphatebuffered saline (pH 7.4) containing 0.1 M sucrose and stirring vigorously. For labeling, the lysosomal sample (56 L for the CHStreated lysosomal samples and control, 60 L for the BA-treated photodamaged lysosomal samples and control) was incubated in 2 mL labeling solution (0.297 mg protein/mL) at 37ЊC for 90 min. Fluorescence was measured immediately after the DPH labeling on a Hitachi 850 fluorescence spectrophotometer with excitation and emission at 350 and 452 nm, respectively. Steady-state fluorescence anisotropy (r) was calculated according to the equation (19) :
where I VV and I VH are the fluorescence intensities measured with the excitation polarizer in the vertical position and the analyzing emission polarizer mounted vertically and horizontally, respectively. G ϭ I HV /I HH is the correction factor. Correction for light scattering was carried out as described by Litman (20, 21) and Lentz (22) . As pointed out by Blitterswijk (23, 24) and other investigators (19, (25) (26) (27) , high degrees of fluorescence anisotropy indicate higher degrees of membrane order or lower degrees of membrane fluidity, and vice versa. Measurement of lysosomal membrane potential. The lysosomal K ϩ permeability was assessed by measuring the membrane potential using oxonol VI as a probe (28) . The assay medium contained 0.25 M sucrose, with the pH adjusted to 6.7 with imidazole. Lysosomal sample was added to 2 mL assay medium at 0.593 mg protein/mL; oxonol VI was added at 1 M; CCCP was added at 2 M. MB and CCCP were added to the blank cuvette containing 2 mL assay medium at the concentration same as that in the sample cuvette to balance their absorbance. One hundred microliters of 0.75 M K 2 SO 4 was added to sample and blank cuvettes at indicated times. Membrane potential is registered by the absorbance difference A 625-587 (29) . All measurements were performed at 25ЊC on a Hitachi U-3200 spectrophotometer.
Measurement of lysosomal proton leakage. The permeation of K ϩ into lysosomes can raise intralysosomal pH and cause an efflux of the internal H ϩ via a K ϩ /H ϩ exchange (30) . Thus, the lysosomal K ϩ permeability can be assessed by measuring the inward K ϩ permeation-induced alterations in the lysosomal pH or the extent of H ϩ efflux (31). As described previously, acidification of the assay medium induced by the lysosomal proton leakage can be measured by monitoring the decrease in p-nitrophenol absorbance at 400 nm (10), which was based on the property of the dye that the unprotonated p-nitrophenol molecules have a sufficiently larger extinction coefficient at 400 nm than that of protonated molecules (32) . Briefly, lysosomal sample was added to a 2 mL assay medium (containing 0.25 M sucrose and 0.1 mM p-nitrophenol) at 0.593 mg protein/mL, followed by the addition of 200 L 0.75 M K 2 SO 4 . The absorbance (400 nm) of the pH-sensitive dye p-nitrophenol was measured immediately after adding 4 L 1 mM CCCP to the medium. To balance the light absorbance produced by the light-absorbing reagents added to sample cuvette, additions to the sample cuvette (except lysosomes) were also added to the blank cuvette containing 2 mL assay medium. All measurements were carried out at 25ЊC on a Hitachi U-3200 spectrophotometer.
RESULTS

Effects of photodamage and CHS treatment on the lysosomal membrane fluidity
The membrane fluidity of photodamaged lysosomes was examined using DPH as a probe. The degree of fluorescence anisotropy (r) increased to 0.134 after the lysosomes (anisotropy 0.114) were photodamaged for 30 min ( Table 1 ), indicating that the membrane fluidity decreased by the photodamage. Treating the photodamaged lysosomes with membrane fluidizer BA for 7.5 min reduced the fluorescence anisotropy (r) from 0.134 to 0.123. A larger decrease in the (r) was produced by prolonging the BA-treating time from 7.5 to 15 min (anisotropy decreased to 0.115). It indicates that membrane fluidity of the photodamaged lysosomes increased by the BA treatment. In addition to the photodamage, treatment of normal lysosomes with membrane rigidifier CHS can also decrease their membrane fluidity. As shown in Table 2, the degree of fluorescence anisotropy (r) increased to 0.177 after the normal lysosomes (anisotropy 0.165) were treated with CHS for 15 min. Increasing the CHS-treating time from 15 to 30 min caused the (r) to increase more markedly (anisotropy 0.186). It should be noted that the fluorescence anisotropy (r) values of Table 1 are incomparable  with that of Table 2 due to the difference in their sample components. For Table 1 , all samples contained MB. Since the MB brought into the DPH labeling solution by the lysosomal sample (less than 3 M) can slightly quench the DPH fluorescence (MB absorbance peak is at about 660 nm, its light absorbance at 452 nm is very low), the calculated (r) of the control sample of Table 1 (0.114) is less than that of the control of Table 2 (0.165).
Effects of photodamage and CHS treatment on the lysosomal K ؉ permeability
The membrane permeability to K ϩ can be assessed by measuring the membrane potential with oxonol VI. An increase in the differential absorbance (⌬A 625-587 ) of the dye, indicating a more positive interior potential of the membrane, will be observed when K ϩ is allowed to enter (28) . Using this method, we measured the lysosomal permeability to K ϩ . As shown in Fig. 1 , the differential absorbance of the dye increased after the lysosomes were photodamaged (compare line 1 with line 3). This indicates that the permeability of the photodamaged lysosomes to K ϩ increased. To examine if such an increase in the K ϩ permeability was caused by the photodamage-induced membrane rigidification, the photosensitized lysosomal membranes were fluidized by the treatment with BA and the resulted changes in the membrane potential were examined. The results show that differential absorbance of the photodamaged lysosomes decreased by the BA treatment (compare line 2 with line 1). It indicates that the increased K ϩ permeability of the photodamaged lysosomes was decreased by fluidizing their membranes and confirms the hypothesis that the photoinduced membrane rigidification may enhance lysosomal permeability to K ϩ . In addition, the differential absorbance of unirradiated lysosomes (line 3) was maintained at the same level after the lysosomes were treated by BA for either 7.5 or 15 min (data not shown), presumably due to the maintenance of their membrane fluidity after the BA treatment (the membrane fluidity of unirradiated lysosomes is not affected by treatment with 10 mM BA for 15 min). In addition to the photodamage, the CHS treatment-induced membrane rigidification can also increase lysosomal K ϩ permeability. As shown in Fig. 2 , time order of the CHS treatment in increasing the magnitude of differential absorbance of lysosomal samples is 30 min (line 1) Ͼ 15 min (line 2) Ͼ 0 min (line 3). The differential absorbance maintained its plateau value only for a short time and then declined toward a lower level. Based on the data shown in Table 2 , the results suggest that Figure 2 . Effects of CHS treatment on the membrane potential of normal lysosomes. Assay medium and other conditions were as described in Fig. 1 . Treatments of normal lysosomes with 2 mM CHS for: (1) 30 min; (2) 15 min; (3) 0 min (CHS was added to the sample at 2 mM just before the measurement). Treatments of lysosomes with CHS were as described in Materials and Methods. Expression of A 625-587 is as described in Fig. 1 . A typical result out of three measurements is shown. Figure 3. (A) Effects of MB-mediated photodamage on the lysosomal proton leakage. Photosensitization and measurement conditions for both (A) and (B) were as described in Materials and Methods. Absorbance (400 nm) was measured immediately after adding lysosomal samples to 2 mL assay medium (0.593 mg protein/mL). All assay mediums (1-4) contained 0.25 M sucrose and 0.1 mM pnitrophenol. CCCP (2 M) was added to the medium only for (3) and (4). Lysosomal samples containing 0.1 mM MB were exposed to light for: (1) 0 min; (2) 30 min; (3) 30 min; (4) 0 min. (B) Effects of BA treatment on the proton leakage of photodamaged lysosomes. Procedure of the treatment of photodamaged lysosomes with BA was as described in Materials and Methods. All assay mediums (1-6) contained 0.25 M sucrose and 0.1 mM p-nitrophenol. The assay medium was buffered at pH 6.0 with 10 mM MES/Tris only for (1) or contained 5 M valinomycin only for (6) . Lysosomal sample was added to 2 mL assay medium at 0.593 mg protein/mL, followed by the addition of 200 L 0.75 M K 2 SO 4 . Absorbance (400 nm) was measured immediately after adding 4 L 1 mM CCCP to the medium. Lysosomal samples containing 0.1 mM MB were exposed to light for 30 min, then treated with 10 mM BA for: (1) 0 min; (3) 15 min; (4) 7.5 min; (5) 0 min. Note: BA was added to the samples of (1) and (5) at 10 mM just before the measurement. For (2) and (6), lysosomal samples contained 0.1 mM MB but were not exposed to light, BA was added to the samples at 10 mM just before the measurement. A typical result out of four measurements is shown.
decreasing the lysosomal membrane fluidity may increase the K ϩ permeability. This is consistent with the conclusion drawn from the experiments on the photodamaged lysosomes.
The pH gradient of lysosomes provides a driving force for their proton efflux. The extent of proton leakage depends highly on the lysosomal K ϩ permeability in the presence of external K ϩ and protonophore CCCP owing to the K ϩ /H ϩ exchange (30) . Thus, by measuring the K ϩ /H ϩ exchangeinduced proton leakage, which can acidify the lysosomal suspending medium with pH-sensitive dye p-nitrophenol, the photodamage-caused increases in the lysosomal K ϩ permeability can be semiquantitatively assessed. As demonstrated by our previous study (10) , lysosomal proton permeability can be increased by photodamage. The prerequisite for the assessment of lysosomal K ϩ permeability with p-nitrophenol is to permeablize the lysosomal membranes of both control and photodamaged ones to protons. Thus, the extent of the K ϩ /H ϩ exchange-induced proton leakage of the lysosomes that exhibit different degrees of K ϩ permeability will depend solely on their own K ϩ permeability. In this work, both photodamaged lysosomes and control lysosomes were permeablized to H ϩ with protonophore CCCP. As shown in Fig.  3A , the decrease in the dye absorbance of photodamaged lysosomes (line 2) is larger than that of control lysosomes (line 1), but the magnitudes of the absorbance decrease of these two lysosomal samples are similar in the presence of CCCP (lines 3 and 4). It indicates that the photodamage increased lysosomal proton permeability and that the photodamaged lysosomes and control ones were permeablized to H ϩ similarly by CCCP. The lysosomal K ϩ permeability was assessed upon addition of K ϩ and CCCP to the assay medium. As shown in Fig. 3B , the dye absorbance of photodamaged lysosomes (line 5) decreased markedly in comparison with unirradiated ones (line 2). The decrease in absorbance of the photodamaged lysosomes (line 5) can be abolished by buffering the assay medium (line 1). The results suggest that the reduction of absorbance (line 5) was due to a proton leakage-induced acidification of the assay medium and that the enhancement of proton leakage of photodamaged lysosomes was induced by the increase in their membrane permeability to K ϩ , i.e. via an increased K ϩ /H ϩ exchange. The effect of increased K ϩ permeability on the proton leakage was further established by the evidence that the dye absorbance of unirradiated lysosomal sample decreased even more markedly upon addition of potassium ionophore valinomycin which can permeablize the membranes to K ϩ (line 6). To examine if the increase in the K ϩ permeability of photodamaged lysosomes was caused by the rigidification of their membranes, the lysosomal K ϩ permeability was re-examined after fluidizing their rigidified membranes. The results show that magnitude of the decrease in the dye absorbance of photodamaged lysosomal sample reduced markedly after the lysosomes were treated with BA. The degree of absorbance decrease reduced with increasing the BA treating time from 0 to 15 min (Fig. 3B, lines 5, 4  and 3) . The reductions in the proton leakage of photodamaged lysosomes by fluidizing their rigidified membranes are presumably due to the decreases in their K ϩ permeability. This supports the conclusion that the photodamage-induced membrane rigidification can increase the lysosomal K ϩ permeability. Additional evidence concerning the enhancing effect of membrane rigidification on the lysosomal K ϩ permeability was obtained from the result that the dye absorbance decreased markedly after normal lysosomes were treated with CHS (Fig. 4, compare line 3 with line 2 ). In addition, the decrease in absorbance (line 3) could be abolished by buffering the assay medium (line 1). The results Figure 4 . Effects of CHS treatment on the proton leakage of normal lysosomes. Assay medium and other conditions were as described in Fig. 3B . Treatments of normal lysosomes with 2 mM CHS for: (1) 30 min, assay medium was buffered at pH 6.0 with 10 mM MES/ Tris; (2) 0 min (CHS was added to the sample at 2 mM just before the measurement); (3) 30 min. Procedures of the measurement and treatment of lysosomes with CHS was as described in Materials and Methods. A typical result out of three measurements is shown.
suggest that rigidifying the lysosomal membranes can increase their K ϩ permeability; this enhances their proton leakage in the K ϩ -containing medium via a K ϩ /H ϩ exchange. Taken together, the above results suggest that the photoinduced decrease in the lysosomal membrane fluidity may enhance membrane K ϩ permeability.
DISCUSSION
In the past years, interest in lysosomotropic photosensitization has heightened with the realization that leakage of the hydrolytic enzymes from photodestructed lysosomes may kill tumor cells (3, 4, 33) . Although the photodestruction of lysosomes has been extensively studied, a mechanism for the photoinduced lysosomal lysis has not yet been elucidated. In mammalian cells, the lysosomes are surrounded by a high concentration of cytoplasmic K ϩ (140 mM) (34) . The susceptibility of lysosomes to the K ϩ influx-induced osmotic disruption was emphasized previously (10, 11, 35) . Recently, we established that the photodamaged lysosomes can be osmotically destabilized by an increased uptake of K ϩ (10,11) and via the loss of proton translocation (36) . Under normal conditions, lysosomes show only a limited permeability toward K ϩ (30, 37) . Why the photodamage to lysosomes could increase their K ϩ permeability is still unclear. Mechanisms for the photoinduced increase in the K ϩ permeability of some membranes also remain to be elucidated (38) (39) (40) . As demonstrated previously, a series of membrane properties such as membrane permeability and membrane-bound enzyme activity can be regulated by the changes in the membrane fluidity (14) . For some membranes, the permeability to K ϩ is affected by their fluidity (41, 42) . The photo-oxidation of membrane components has been linked to effects such as loss of membrane fluidity and increase in ion permeability (43) , but little is known about the correlation between the photoinduced membrane rigidification and enhancement of ion permeability. Given that the photodamage to lysosomes can increase their K ϩ permeability and rigidify their membranes (10, 11) , it is of interest to investigate whether the photoinduced increase in the lysosomal K ϩ permeability is caused by their membrane rigidification. The results of the present study confirm this hypothesis. It is consistent with the evidence that the rigidification of lysosomal membranes induced by either CHS treatment or low-temperature (0ЊC) incubation (44) can increase their K ϩ permeability. Although membrane fluidity is now accepted as one of the regulators of membrane permeability to K ϩ (41, 42) , little information is available concerning the related mechanisms. At present, it is difficult to explain why photoinduced lysosomal membrane rigidification can increase their permeability to K ϩ . Whether the photodamage to other lysosomal membrane components and structures also increases their K ϩ permeability is still unknown. Further studies are required to clarify these issues.
A variety of membrane components such as lipids and proteins can be photo-oxidized, resulting in the membranelipid peroxidation and cross-linking of membrane proteins (43, 45) . As pointed by Shinitzky (14) , the unsaturated fatty acids of membrane lipid can fluidize the membranes. On the other hand, membranous unsaturated fatty acids are susceptible to photo-oxidation (43, 45) . Therefore, membrane-lipid peroxidation may play a role in the photoinduced membrane rigidification. In addition, the photoinduced cross-linking of membrane proteins may also decrease the membrane fluidity (46) . Recently, we detected lipid peroxidation of lysosomal membranes (11) and loss of the function of lysosomal H ϩ -ATPase (36) after the lysosomes were photodamaged with MB. The results indicate that both lysosomal membrane lipid and membrane proteins are prone to photo-oxidation. The alterations in the lysosomal membranes responsible for the photoinduced membrane rigidification remain to be further studied.
In this and our previous studies (10, 11) , the lysosomes were photodamaged with MB under the same photosensitization conditions. To examine if MB enters the lysosomes and mediates the photodamage intralysosomally, we measured the activities of lysosomal marker enzymes ␤-galactosidase and ␤-hexosaminidase before and after the lysosomes were photodamaged. The enzyme activities are maintained after MB-mediated photosensitization (under the conditions of both this and our previous studies: 0.1 mM MB, light intensity 10 mW/cm 2 ). In contrast, the enzymes can be inactivated in the enzyme solution (obtained from the lysis of lysosomes) under the same photosensitization conditions. As demonstrated previously (2), these lysosomal enzymes are prone to photoinactivation mediated by the lysosomotropic sensitizer acridine orange, which is liable to enter lysosomes due to its weak base property (lysosomal interior is acidic). These evidences suggest that MB did not enter the lysosomes under the conditions of this study. It is consistent with previous descriptions that MB cannot penetrate cell membranes (47) and that MB is not expected to penetrate the membrane of sodium dodecyl sulfate micelles due to its hydrophilicity (45) .
The incubation of lysosomes in a K ϩ -containing medium can cause an exchange of their internal H ϩ for external K ϩ , which results in an efflux of lysosomal H ϩ and an elevation of intralysosomal pH (30, 31) . Based on this K ϩ /H ϩ exchange mechanism, lysosomal K ϩ permeability can be assessed by osmotic protection method (48) or by measuring either the intralysosomal pH or their proton leakage (31) . Since the lysosomal membrane is relatively impermeable to protons in normal conditions, the proton leakage via an electroneutral K ϩ /H ϩ exchange cannot proportionally increase with the increase in their K ϩ uptake when K ϩ permeability is greatly enhanced (30) . In other words, lysosomal K ϩ permeability cannot be assessed with the above methods without permeablizing their membranes to H ϩ . Using protonophore S-13 to permeablize lysosomal membranes to H ϩ , Casey et al. (48) assessed K ϩ permeability. In addition, the photodamage to lysosomes can increase their H ϩ permeability, which may change the lysosomal membrane potential (become more negative inside) (37) . To compare the K ϩ permeability between the control and photodamaged lysosomes by measuring either membrane potential or proton leakage, their membranes should be permeablized to H ϩ . These are the reasons why we used CCCP in this study. Thus, changes in the lysosomal membrane potential and the K ϩ /H ϩ exchange-induced H ϩ efflux will depend on the K ϩ permeability. Finally, it should be noted that the fluidizing effect of BA and rigidifying effect of CHS on the membranes may depend on the state of membrane fluidity. In other words, BA and CHS may produce less effect on the highly fluidized and rigidified membranes, respectively. In addition, the concentration of BA and CHS, time of the treatment with BA and CHS and temperature of the treatment also influence the effects on the membranes. The phase transition of lysosomal membranes probably occurs between 20 and 0ЊC (44) . The unirradiated lysosomal membranes were not fluidized further by the BA (10 mM) treatment, presumably due to the relatively high level of their membrane fluidity at 37ЊC.
The main purpose of this work was to establish if the photoinduced membrane rigidification increases lysosomal K ϩ permeability. Other issues concerning how the photodamaged lysosomal membranes are rigidified and why the photoinduced membrane rigidification could increase lysosomal K ϩ permeability remain to be further studied.
